Introduction
Recently, through the rapid development of information processing technology, signal processing device requires batch processing of massively information. As was expected, the current VLSI devices were faced with the limitations of size and speed [1] . For instance, device performance of the microprocessor has been improved by the number of MOSFET and clock frequency. However, nowadays, power consumption and clock frequency of the device have been reached and saturated to the practical limits of 100W and 3.5GHz. And due to the multi-core parallel processing, the physical limitations were encountered with dramatically increases of the transferring information on metal wires. Besides, metal wires have wasteful power consumption and signal transmission delay by their parasitic resistance and capacitance. One way to solve this problem is using optical inter-connection [1, 2] . This optoelectronic technology is very desirable and has been studied by our and many other researchers [2] [3] [4] [5] . In particularly, monolithic integration of alloy photonics and silicon electronics as heterogeneous device is great promising for realizing of optoelectronic integrated circuits (OEICs) and other related systems.
Pulse Width Modulation (PWM) method is well-known and usually used in power electronics, motor and LED control [6, 7] . Especially, there are many advantages for LED control. For example, lower power consumption, accurate linear control, no effect on color by emission intensity and high stability of frequency. In this study, we designed and fabricated of micro-LED arrays with PWM driver by flip-chip bonding method for making first step of OEIC research.
Experiment & Results

Micro LED array
GaN-based epi-wafer was purchased which was consisting of p-GaN/i-GaN/InGaN_MQW/n-GaN/α-Al 2 O 3 structure. The LED was separated from mesa structure to array of 64 pixels in 8 x 8, each pixel size of 30um□ by inductively coupled plasma (ICP) etching. And SiO 2 insulating layer was deposited by plasma sputtering. The ntype and p-type contacts were deposited by thermally with structure of Ti/Al/Ti/Au and Ni/Au, respectively. The contacts were treated by rapid thermal annealing (RTA) for alloy. The fabricated LED was operated in 3V at 100uA. Device picture was shown at Fig 1(a) , 2 which operated by generated various PWM signals.
PWM Generator
A circuit design for the fabrication of the PWM generator was designed for CMOS process. All of circuit design and layout has been by Cadence Virtuoso. At first, we designed 2-stage OPAMP for using saw-tooth waveform generator and comparator. We used saw-tooth waveform for the modulator and pulse width modulated signal which is generated by comparison of saw-tooth waves and control signals. In this circuit, output frequency of PWM signal can be changed by control of the resistor. The device was fabricated by 2.5um CMOS process at our LSI laboratory. The frequency was controlled of 75 KHz and 32 KHz by resistor of 120KΩ and 530KΩ. LED was operated by modulated current signal of 1.5mA. Device picture and experimental results are shown in Fig. 1(b) , 2 which the modulated PWM waveforms of the proposed modulator generated by LED array.
Filp -Chip Bonding
This bonding process has done at Univ. of Kyushu. Fig. 3 (a) (b) (a) shows microscope image of Au compliant bumps. The size of each part of the compliant bumps was surface and basal diameters of 13um and 35um, respectively. And height was 25um. The mounting was carried out by using heat mount bonding method at 270℃ ~ 330℃. Before the mounting process device was cleaned by argon plasma treatment.
Conclusions
In this work, we designed and fabricated micro-LED array with PWM driver for heterogeneous OEIC device. The operational results of PWM driver showed well performed with function of pulse modulation as compared with saw-tooth waveform and control signal. And have been bonded by flip-chip method for realize monolithic integration device.
